provement that was less than the patient expected. 15 Additionally, patients commonly inquire about the possibility of being worse after lumbar fusion. The variability in this definition of being worse or clinical deterioration can make this difficult to answer appropriately. It is important for treating physicians to effectively communicate the possibility of being worse after lumbar spinal fusion so patients can make an "informed choice of treatment." 5 Only a few studies examining instrument responsiveness have discussed MCID for worsening for commonly used HRQOL measures, with no attempt to specifically define a clinically important deterioration (CIDET) threshold. 3, 13, 19 Similar to MCID, values for CIDET are instrument-dependent and vary according to calculation method. Methods used to calculate MCID are typically anchor-based (comparing HRQOL scores to another measurement) or distribution-based (built on the variability of the HRQOL scores). 4 The goal of this study was to determine a CIDET value for each commonly used HRQOL measure.
Methods

Study Population
A database of 1154 patients who underwent lumbar spinal fusion from a single spine specialty center (the Norton Leatherman Spine Center) with prospectively collected patient-reported outcomes data was evaluated. The data were retrospectively reviewed with Institutional Review Board approval. A total of 722 patients with complete baseline and 1-year outcome measures following primary, instrumented, posterior lumbar fusion were identified. Patients who had fusion extending into the thoracic spine or that included pelvic fixation were excluded. The patients included had an average age of 60.8 ± 12.1 years with an average body mass index of 30.3 ± 12.1 kg/ m 2 . Only 17.6% (n = 127) were smokers and 34.3% (n = 248) were males.
Primary diagnosis included spondylolisthesis (n = 332, 46%), stenosis (n = 153, 21.2%), disc pathology (n = 146, 20.2%), scoliosis (n = 54, 7.5%), and instability (n = 37, 5.1%). Preoperative diagnostic etiology and indication for fusion were classified based on a previously published study by Glassman et al. 10 Primary surgical cases were classified as disc pathology, spondylolisthesis, instability, stenosis, or scoliosis. Disc pathology included patients with internal disc desiccation 22 and/or high intensity zones, 1 disc space collapse, Modic changes, 21, 23 or prior intradiscal procedures such as intradiscal electrothermal therapy. The spondylolisthesis group included both isthmic and degenerative listhesis. Patients with scoliosis had an associated coronal plane deformity from 10° to 30° with involvement over a few segments in the lumbar spine. Patients with a more significant deformity were tracked in a separate adult deformity outcomes protocol. The instability subgroup included patients with abnormal motion (≥ 3 mm) on flexion and extension radiographs, substantial retrolisthesis, or lateral listhesis. Patients in the stenosis subgroup included patients with central or foraminal stenosis without any abnormalities listed above, or patients undergoing fusion due to the risk for iatrogenic instability following decompression alone.
Outcome Assessments
Health-related quality of life measures were administered at baseline prior to surgery and 1-year postoperatively and included the ODI, 7 SF-36, 12, 26 numerical rating scale for back pain, and numerical rating scale for leg pain (0-10 rating scales). 17 For the ODI and the back and leg pain scores, higher scores denote increasing disability or higher pain levels. For the SF-36 physical component summary (PCS), higher scores imply better functioning. Thus, decreasing scores for the ODI and the back and leg pain scores denote improvement, while decreasing scores on the SF-36 PCS denote deterioration. The 1-year change in scores for the ODI and the back and leg pain scores were defined as baseline scores subtracted from 1-year postoperative scores. The 1-year change in scores for the SF-36 PCS was defined as 1-year postoperative scores subtracted from baseline scores. Thus, in all the HRQOL measures, positive values denote improvement.
The Health Transition Item (HTI), an independent item of the SF-36, was used as an external ad hoc anchor. The HTI is not included in the algorithm to determine domain and composite summary scores of the SF-36. The HTI asks patients to compare their current health to their health 1-year previously. Patients' responses range from "much worse," "somewhat worse," "about the same," "somewhat better," and "much better." The patients who responded "much worse" and "somewhat worse" were grouped into a "worse" cohort and compared with patients responding "about the same." The change difference value was calculated as the difference in the mean change scores between the "worse" and "about the same" patients. 4 A receiver operating characteristic (ROC) curve was created for each of the 4 HRQOL measures. The sensitivity and specificity of the change scores for the "worse" and "about the same" cohorts were plotted. The ideal cutoff value for an ROC curve corresponds to the point of equal trade-off between greatest sensitivity and specificity to distinguish the "worse" from the "about the same" patients.
The SEM was calculated as SD√1-r, where SD is the standard deviation of the baseline scores and r is the testretest reliability coefficient. 4, 16, 29, 30 A reliability of 0.90 was used for ODI, 13 0.92 for PCS, 28 and 0.95 for back and leg pain scales. 20 Minimum detectable change was calculated as 1.96√2 × SEM, for a 95% CI. 2, 4, 8, 13, 27 A change that corresponds to a small effect is typically considered the minimal change. 4, 8, 14, 18, 24, 25 Effect size-derived CI-DET was determined by multiplying the SD of the baseline scores by 0.2 (a small effect size).
4,24
Statistical Analysis
Statistical analyses were performed using SPSS (version 19.0, SPSS Inc.). Baseline and 1-year scores were compared with paired sample t-tests. Univariate ANO-VA and Bonferroni post hoc tests were used to compare HRQOL baseline and change scores between subgroups, classified according to responses for HTI (external an-chor). Pearson correlation coefficients were calculated to assess the relationship between anchor and HRQOL measures and between baseline scores and change scores.
Results
Baseline, 1-year follow-up, and change scores for the ODI, SF-36 PCS, SF-36 mental composite summary (MCS), and pain scales are summarized in Tables 1 and  2 . Only 26 patients (3.6%) reported "much worse," with 81 patients (11.2%) reporting "somewhat worse," 166 patients (23.0%) "about the same", 225 patients (31.2%) "somewhat better," and 224 patients (31.0%) reporting "much better." Because of the small number of patients reporting "much worse," and ANOVA post hoc comparisons showing that the outcome scores of the "much worse" and "somewhat worse" were not statistically significantly different from each other, the "much worse" patients were combined with the "somewhat worse" patients to create a "worse" cohort consisting of 107 patients (14.8%). The change scores broken down by the patient responses to HTI are reported in Table 2 . The association between the HTI responses and change scores was significant (p < 0.0001) for each outcome measure: ODI (r = 0.540), SF-36 PCS (r = 0.537), back pain (r = 0.519), and leg pain (r = 0.427).
Each calculation method yielded a different CIDET threshold value for each HRQOL measure (Table 3) 
Discussion
With the increasing utilization of HRQOL measures, it is important to develop statistically and clinically sound and agreed-upon values for both improvement and deterioration. In this study, we evaluated a range of statistical parameters with potential relevance in identifying an optimal CIDET value for commonly used HRQOL measures. 4 All the statistical parameters compared have been previously reported and defended for MCID calculations. 14, 18 It is clear that the different calculation methods yielded widely variable threshold values. A similar systematic comparison of the calculation methods for improvement (MCID) revealed ranges up to 10-fold different for each HRQOL measure. 4 Our ranges have as much as a 90-fold difference (SF-36 PCS). This broader range is likely because of the relatively smaller size of the sample population reporting being worse compared with the studies determining clinically relevant improvement or MCID. This difficulty in obtaining large cohorts of patients that have deteriorated could also explain the few studies that have examined these instruments for deterioration.
To our knowledge, only 2 studies have examined clinically relevant deterioration for commonly used HRQOL measures with no attempt to define a CIDET threshold. The first was a study examining instrument responsiveness for ODI and SF-36 PCS using a 250-patient cohort with chronic low-back pain, with only half of the cohort treated surgically. These investigators used the same external anchor (HTI of SF-36) for their ROC analysis. 3 Overall, the authors concluded that the ODI and SF-36 PCS are responsive to deterioration, but less so than to improvement. Hägg et al. 13 used a randomized surgical and nonsurgical cohort to estimate MCID for deterioration on the ODI and a visual analog scale for back pain using patient global assessment as the external criterion. The total cohort was 289 patients, with only 46 responding as worse after surgery. They concluded that MCID for deterioration was smaller and interpreted this as either "it takes more to become improved" or more likely "the absence of improvement is assessed as deterioration." 13 It is interesting that regardless of calculation method and HRQOL instrument, nearly all CIDET values were a positive change (improvement). Although these are group averages, it appears that patient-perceived deterioration may actually be the lack of improvement. It makes sense that patients treated surgically would expect to improve and in the absence of improvement believe they have deteriorated. This is important for clinical decision-making and should be addressed in the preoperative counseling informed consent process. It is critical to discuss with patients the possibility of being worse, and within our cohort of primary, instrumented lumbar fusions, 14.8% of patients feel they are "worse" 1 year after surgery.
Intuitively, the HTI of the SF-36 may be seen as an adequate qualitative measure of a patient's change in health status, without the need to quantify this change. However, the HTI alone is a measure of overall perception of a health change, and lacks the depth and range of disease specific measures, such as the ODI. Also, the HTI is an ordinal scale with a range of 1 to 5, while the ODI is a longer ordinal scale with a range of 0 to 100. Helping define a quantitative measurement to describe a qualitative opinion is necessary to study outcomes in a statistically meaningful method. Limitations to the study include the small sample size. We attempted to address this by combining the "much worse" and "somewhat worse" cohorts into a "worse" group. Although a study using a single identifiable lumbar degenerative cohort to investigate deterioration is ideal, the reported rate of deterioration of the entire cohort as well as within the different diagnostic pathologies is relatively small, such that a valid subanalysis cannot be performed. The use of a general health assessment (HTI) as an external anchor may be influenced by other health conditions not under study. That is, patients may report that they are "much worse" than 1 year previously because of health problems unrelated to their lumbar fusion. However, this may apply to all patients in the entire cohort as well, not just the "worse" group. Also, recall bias must be considered, as patients are required to retrospectively recall and compare their health status from 1 year prior. Future studies with larger cohorts could more clearly define a CIDET threshold.
Clinically important deterioration is a quantitative assessment of clinically relevant change (deterioration) in HRQOL measures. Unlike MCID, a threshold for clinical deterioration was difficult to identify. This may be due to the relatively small number of patients who reported being worse after surgery and the variability across anchor-based and distribution-based calculation methods to determine CIDET thresholds. Future studies with larger cohorts could more clearly define a CIDET threshold.
Conclusions
It was difficult to define a clinically important threshold of deterioration for the commonly used HRQOLs in spine surgery. Approximately 15% of patients report being worse after lumbar fusion surgery, with some patients interpreting the absence of improvement in HRQOLs as deterioration. 
